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Preface
Special issue on computational harmonic analysis, Part II
In providing a valuable link among engineers, scientists, and mathematicians with a common interest in the applied
and computational aspects of harmonic analysis, this interdisciplinary journal also plays a key role in facilitating inter-
actions among researchers who work on similar problem areas. To enhance this important mission and to encourage
active participation by new comers, particularly students and young researchers, a tri-annual international conference
on computational harmonic analysis was initiated in 2001, with the second meeting held at Vanderbilt University in
May 2004.
This special issue on computational harmonic analysis (SICHA) is an outgrowth of the Vanderbilt Conference
organized by the guest editors of the special issue. It is intended not to be the proceedings of the conference, but rather
to provide the participants an opportunity to submit their research papers, directly or indirectly related to the lectures
delivered at the conference, to the journal. All papers published in SICHA have been reviewed under the same journal
guidelines and policy.
This is the second of three parts of the SICHA. It consists of seven papers that address various aspects of com-
putational harmonic analysis, particularly in the direction of frames, with such diverse applications as recovery of
piecewise smooth functions from their partial spectral data, communication theory, radar, image analysis/synthesis,
analog to digital signal conversion, and digital half-toning.
It is well known that recovery of piecewise smooth functions from spectral data via partial sums of their Fourier
series suffers from overshoot of the approximations, called Gibbs phenomenon. Classical summability methods do
apply to resolve this problem, but at the expense of slow convergence rate. Observing that orthogonal polynomial series
approximation on a bounded interval does not suffer from overshoot at the end-points of the interval, Gottlieb and Shu,
among others, introduced a “reprojection” scheme by combining Fourier and orthogonal polynomial expansions in a
clever way. The paper by Gelb and Tanner develops a robust reprojection method, by extending and improving the
results of Gottlieb–Shu and others, yielding a reliable exponentially accurate resolution of the Gibbs phenomenon.
Discrete Gabor multipliers play an emerging role in communications, radar, and waveform design, where redundant
frame decompositions are increasingly applicable. Such multipliers can be formulated as weighted superpositions of
rank-one time–frequency operators, called generating operators. The paper by Benedetto and Pfander sheds light on
the theoretical study of discrete Gabor multipliers by proving that such generating operators either constitute a Riesz
basis of the closed linear span in the space of Hilbert–Schmidt operators or do not provide a frame for this span.
With the rapid advance in digital image capture technology, it is often essential to tile high-resolution images in
order to apply digital image processing tools. For example, the discrete wavelet transform in the recently developed
JPEG 2000 industry standard applies to image tiles. The challenge is to avoid blocky (or edge) artifacts in processing
individual tiles without taking image data correlation between adjacent blocks into consideration. The paper by Saito
and Remy introduces a two-stage approach to processing image tiles. Each tile is decomposed into two components:
the polyharmonic component and the residual. The polyharmonic component is a smooth approximation of the image
tile that aligns with its boundary to allow a highly effective sine transform of the residual, for such applications
as image compression and editing without introducing visually obvious edge artifacts. In addition to certain basic
theoretical development, the paper is focused on numerical experiments that help stimulate further research efforts.
The theoretical and algorithmic development of affine frames is an active current research direction in computa-
tional harmonic analysis. For instance, the special issue of this journal titled “Frames in Harmonic Analysis,” which
1063-5203/$ – see front matter  2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.acha.2005.11.002
2 Preface / Appl. Comput. Harmon. Anal. 20 (2006) 1–2consisted of three parts (Vol. 17, Numbers 1–2, 2004; and Vol. 18, Number 1, 2005), has been very well received.
The reason, perhaps, is that with frames, more powerful computational tools can be developed to provide a wider
range of applications. However, although tight frames may be considered a natural extension of orthonormal bases
via the Parseval identity, the lack of orthogonality in frames leads to many interesting research problems and creates
a challenge to the mathematician in revealing the mystery of this subject. The paper by Chui and Sun is concerned
with affine frame decomposition of functions in Sobolev spaces. Several interesting and somewhat surprising results
on the inter-connections between certain topological and geometric properties of frame sub-spaces at different levels
and frame space properties at the ground level are revealed in an in-depth study in this paper.
The paper by Czaja, Kutyniok, and Speegle is another interesting contribution to the development of the theory of
frames, but for a larger class of functions, called “wave packets,” defined by including phase modulation in addition
to the affine operations in the definition of wavelets generated by a single square-integrable function on the real-line.
Certain analogues of the notion of Beurling density are introduced in this paper to adapt to the geometry of the triples
(dilation, translation, and modulation) of parameters to define lower and upper dimensions for the study of Bessel
families and, more generally, frames. Examples of wave packet frames are constructed with prescribed (lower and
upper) dimensions to illustrate the theory.
Sigma–Delta ADC (analog-to-digital converter) technology, originally applied only to audio signals, is now be-
ing used for other applications, such as image capture devices. Among the main reasons are its ability to attain high
precision, its flexibility to allow oversampling, and the ample room for improvement. These reasons for engineering
applications carry over to motivate the current popularity of studying Sigma–Delta ADC in the computational har-
monic analysis community, particularly along the line of affine frames. The paper by Benedetto, Powell, and Yilmaz
provides an interesting theoretical analysis of coarse quantization by applying Sigma–Delta methods to finite frames.
In particular, the problem of stability and approximation accuracy of the second order scheme is addressed.
The remaining contribution of this second part of the SICHA is a paper by Laba and Wang on Borel measures in
the d-dimensional Euclidean space that admit non-harmonic orthogonal bases. In particular, spectral Borel measures
are studied in full generality, and interesting results that highlight the 3/2-rule are obtained.
We thank the authors for submitting their work for publication in this SICHA and the referees for their conscien-
tious reviews that help maintain the high quality of this journal.
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